DEVICE AND METHOD FOR IMAGE PICKUP CONTROL 
FOR DRIVING AN IMAGE SENSOR FOR A SHOT 



BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a device and a method 
for image pickup control for driving an image sensor to pick 
up a scene by, e.g., long exposure. 

Description of the Background Art 

[0002] It is a common practice with a camera of the type using 
a silver halide photosensitive type of film to shoot a night 
view, night sky or similar dark scene with low brightness by 
selecting a low shutter speed for long exposure or by using 
a high-speed film. This is also true with a digital still camera 
using a CCD (Charge Coupled Device) image sensor. Specifically, 
to shoot a dark scene, a digital still camera increases the 
amplification ratio and gain of image signals to thereby vary 
sensitivity . 

[0003] A low shutter speed, however, increases the period of 
time over which photodiodes arranged in the CCD image sensor 
store signal charges, thereby causing dark current to 
excessively accumulate. Further, when the gain of an image 
signal is increased , a noise level rises together with the level 
of necessary pixel signals and therefore lowers the S/N 

(Signal-to-Noise) ratio of the image signal. 

[0004] Japanese patent laid-open publication No. 9-168118, 
for example, discloses a solid-state image pickup device 
constructed to reduce dark current in a CCD chip. The image 
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pickup device disclosed includes pulse generating means for 
generating charge reading pulses, horizontal drive pulses, 
vertical drive pulses and reset pulses, a plurality of drive 
means, and control means. The control means controls the feed 
of the each of the drive pulses and reset pulses to particular 
one of the drive means in correspondence to the feed of the 
charge reading pulses. 

[0005] In the image pickup device taught in the above document, 
when photodiodes are caused to store charges over an exposure 
time of about 1/30 second , the feed of the vertical drive pulses , 
horizontal drive pules and reset pulses is interrupted in order 
to reduce heat to be generated and therefore dark current. When 
the exposure time is as short as about 1/60 second, the device 
is driven in a usual manner with the above pulses being 
continuously fed. 

[0006] Japanese patent laid-open publication No. 8-306908 
proposes a charge detecting element including a first 
source-follower circuit made up of transistors Trl and Tr2 and 
a second source-follower circuit made up of transistors Tr3 
and Tr4 and following the first source-follower circuit. 
Different voltages VI and V2 are respectively applied to the 
load transistors Tr2 and Tr4 in order to reduce the gate 
capacitance of the first source-follower circuit while 
improving the frequency characteristic of the second 
source-follower circuit. 

[0007] As stated above, it has been customary to reduce noise 
to appear in charge transfer paths and a charge detecting element 
over a relatively short period of time by interrupting the feed 
of pulses to a drive system. However, a problem with the 
previously mentioned laid-open publication No . 9-168118 is that 
during exposure unnecessary charges cannot be discharged from 
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the charge transfer paths because charge transfer is interrupted 
Moreover, the amount of unnecessary charges increases with an 
increase in exposure time. The above document gives no 
consideration to the discharge of charges accumulating during 
long exposure. Therefore, the charge transfer interruption 
scheme cannot simply be used to shoot a night view or a starry 
sky over an exposure time as long as several seconds to several 
ten seconds. Such a long exposure time gives an amount of 
exposure of 5 EV (Exposure Value) or above that is far greater 
than an amount assigned to a daytime shot. 

[0008] Assume that exposure is effected over a long period 
of time without using the above-described conventional 
technology. Then, the charge detecting element built in an 
image sensor is driven over a long period of time and therefore 
generates more heat, heating elements around it. In this 
condition, photodiodes adjoining the charge detecting element 
generate unnecessary charges ascribable to heat more than the 
other photodiodes, resulting in an irregular distribution 
unnecessary charges. Presumably, the generation of 

unnecessary charges during long exposure is dependent on the 
geometrical distance between the individual photodiode and the 
charge detecting element in the photosensitive array and the 
structure of the image sensor. The temperature elevation of 
the photodiodes directly translates into an increase in dark 
current, generating charges having no relation to the amount 
of incident light. 

[0009] For example, assume that a night view, a fine starry 
sky or similar scene whose major portion has a low brightness 
level is shot over an exposure time of more than 3 seconds. 
Then, fog appears noticeably in part of the resulting image 
around the charge detecting element. More specifically, the 
pixel level increases in accordance with the exposure time to 
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such a degree that the above-mentioned part of the image appears 
somewhat white or appears in an unexpected color. The 
photographic fog is aggravated as the exposure time further 
increases . Such fog appears not only in an image shot at night, 
but also in an image shot by long exposure using a light 
attenuating filter or a small lens opening. An exclusive camera 
for shooting night scenes and starry skies usually includes 
a Peltier device that forcibly cools off an image sensor to 
thereby reduce the temperature elevation of the image sensor 
and therefore noise to appear in images. This kind of cooling 
device, however, is not practical when it comes to a digital 
camera that is handy, common equipment. 

[0010] Local fog described above occurs without regard to an 
exposure mode, i.e., an automatic exposure mode or a manual 
exposure mode. To attain high image quality, it is a common 
practice to limit the exposure time during which charges are 
generated in an image sensor. This, however, makes it 
impossible to implement a camera suitable for nighttime shots 
as well as for daytime shots. Moreover, it is difficult to 
remove unnecessary charges ascribable to long exposure or to 
remove the influence of the unnecessary charges from pixel 
signals read out of an image sensor because the unnecessary 
charges are locally generated. In this manner, conventional 
technologies cannot easily cope with the local increase of dark 
current, i.e., an irregular dark current distribution 
ascribable to long exposure , i.e. , heat generated by the charge 
detecting element. 

SUMMARY OF THE INVENTION 

[0011] It is an object of the present invention to provide 
an image pickup control device and an image pickup control method 
capable of reducing an irregular dark current distribution 
ascribable to long exposure. 
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[0012] In accordance with "the present invention, an image 
pickup control device drives an image sensor including a 
photosensitive section in which a plurality of photosensitive 
devices are arranged for generating signal charges 
corresponding to incident light. A plurality of vertical 
transfer paths vertically transfer the signal charges. A 
horizontal transfer path horizontally transfers the signal 
charges transferred from the vertical transfer paths. An 
outputting circuit detects the signal charges transferred from 
the horizontal transfer path and outputs electric signals 
corresponding thereto. The image pickup control device 
includes a driver for driving the image sensor. A controller 
feeds a first control signal to the driver in order to control 
an exposure time over which the image sensor generates the signal 
charges. A switching circuit switches a power supply voltage 
for driving the outputting circuit in accordance with a second 
control signal and then feeds the power supply voltage to the 
outputting circuit. The driver includes a signal generating 
circuit for generating timing signals for causing the image 
sensor to transfer the signal charges , which are generated over 
the exposure time, to the outputting circuit via the vertical 
transfer paths and horizontal transfer path. The controller 
feeds the second control signal to the switching circuit for 
controlling it in accordance with the exposure time. 

[0013] Also, in accordance with the present invention, amethod 
of controlling an image sensor of the type described begins 
with a step of determining whether or not the exposure time 
of the photosensitive section is a preselected long exposure 
time. If the exposure time is the preselected long exposure 
time, the image sensor is driven by a low voltage lower than 
a usual drive voltage. When the signal charges generated in 
the photosensitive section are to be read out, the image sensor 
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is driven by the usual voltage instead of the lower voltage. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The objects and features of the present invention will 
become more apparent from consideration of the following 
detailed description taken in conj unction with the accompanying 
drawings in which: 

FIG. 1 is a schematic block diagram showing a digital 
camera to which a preferred embodiment of the image pickup 
control device in accordance with the present invention is 
applied ; 

FIG. 2 shows a specific configuration of an output 
section included in an image sensor that is included in the 
digital camera; 

FIG . 3 is a flowchart demonstrating a specific operation 
of the illustrative embodiment; 

FIG. 4 is a timing chart associated with FIG. 3; 

FIG. 5 is a flowchart showing a specific operation of 
an alternative embodiment of the present invention; 

FIG. 6 is a timing chart associated with FIG. 5; and 

FIG. 7 shows another specific configuration of the 
output section of the image sensor. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0015] Referring to FIG. 1 of the drawings, a digital camera 
to which an image pickup control device embodying the present 
invention is applied is shown and generally designated by the 
reference numeral 10. As shown, the digital camera 10 includes 
an image sensor 12 to which an optical image representative 
of a scene is incident via a lens not shown. The image sensor 
10 outputs an image signal representative of the optical image. 
The camera 10 is capable of producing an attractive still picture 
with a broad range of exposure time, i.e. , from 1/1000 second 
to several ten seconds. 
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[0016] When the exposure time exceeds 1 second, the camera 
10 lowers a drive voltage to be applied to the image sensor 
12 so as to produce a uniform, attractive image despite such 
a long exposure time. It is to be noted that part of the camera 
10 not relevant to the understanding of the present invention 
is not shown nor will be described. Signals are designated 
by reference numerals attached to connection lines on which 
they appear. 

[0017] As shown in FIG. 1, the image sensor 12 is implemented 
by a solid-state image sensor including a plurality of 
photodiodes or photosensitive devices 14, which are arranged 
in horizontal lines and vertical columns. The photodiodes 14 
each generate a signal charge corresponding to a quantity of 
light incident thereto. Signal charges generated by the 
photodiodes 14 are vertically transferred along a plurality 
of vertical registers or vertical transfer paths 16 and then 
horizontally transferred along a horizontal register or 
horizontal transfer path 18 . An output amplifier or outputting 
portion 20 is connected to one end of the horizontal register 
18 in order to detect the signal charges sequentially output 
from the horizontal register 18 while outputting electric 
signals corresponding to the signal charges. 

[0018] In the illustrative embodiment, for the image sensor 
12, use is made of a CCD image sensor. R, G and B color filter 
segments, not shown, are arranged in a preselected pattern in 
front of the photodiodes 14 in the direction of light incidence. 
The image sensor 12 therefore outputs RGB dot-sequential pixel 
signals. In FIG. 1, the photodiodes 14 are shown as having 
a square shape each, as seen in a plan view, and horizontally 
arranged. Alternatively, the photodiodes 14 having a polygonal 
shape each may be arranged in a honeycomb pattern. The image 
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sensor 12 performs photoelectric conversion, charge transfer 
and charge detection in accordance with vertical drive pulses 
30 and horizontal drive pulses 32, which are fed from a driver 
22 . The output amplifier 2 0 detects charges in accordance with 
a drive voltage fed from the driver 22. 

[0019] A reference oscillator, not shown, generates a 
reference clock. The driver 22 outputs various drive pulses 
in timed with the reference clock. The drive pulse include 
shif tpulses for shifting the signal charges from the photodiodes 
14 to the corresponding vertical registers 16, and charge 
transfer pulses for driving the vertical registers 16 and 
horizontal register 18. Further, the drive pulses include a 
sweep signal for sweeping charges existing on the registers 
or transfer paths 16 and 18, and a read-out signal for reading 
out the transferred signal charges as electric signals. The 
driver 22 feeds such drive signals to the image sensor 12. In 
addition, the driver 22 generates field- through clamp pulses 
for effecting correlated double sampling, a pixel clock for 
processing the pixels of the image signal, and other various 
timing signals. The timing signals appear on the output 52 
of the driver 22 to which a signal processor 50 is connected. 

[0020] The driver 22 causes a mechanical shutter, not shown, 
adjoining the image sensor 12 at the scene side to selectively 
open or close under the control of a controller 42. The 
mechanical shutter allows light from a scene to be incident 
to the image sensor 12 when opened. In addition, by outputting 
the shift pulses, the driver 22 causes the image sensor 12 to 
generate signal charges over a controlled exposure time. 

[0021] The driver 22 includes a voltage switching circuit 40 
for variably controlling the drive voltage that drives the image 
sensor 12. Specifically, the voltage switching circuit 40 
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switches a power supply voltage for driving the output amplifier 
20 in accordance with a control signal 44 , which is fed from 
the controller 42 . A power source circuit 46 has a first output 
100 and a second output 102 connected to the voltage switching 
circuit 40. Usually, the voltage switching circuit 40 connects 
the first power supply output 100 to its output 104 . In response 
to the control signal 44, the circuit 40 connects the second 
power supply output 102 to its output 104. The output 104 is 
connected to the output amplifier 20 of the image sensor 12. 

[0022] The output amplifier 20 is driven by the drive voltage 
applied to its input 104 and detects signal charges sequentially 
transferred via the horizontal register 18 . At the same time, 
the output amplifier 20 produces electric signals corresponding 
to the detected signal charges on its output 106. 

[0023] FIG. 2 shows a specif ic configuration of output portion 
of the image sensor 12 in a sectional view. As shown, the image 
sensor 12 includes a floating diffusion (FD) layer adjoining 
on end of the horizontal register 18 , which is formed on a silicon 
substrate. When a reset pulse RS turns on a reset gate RG , 
a reset voltage is applied to the FD layer and deposits a 
preselected potential on the FD layer. When an output pulse 
OG turns on an output gate, the pixel-by-pixel signal charges 
transferred along the horizontal register 18 are injected into 
the FD layer. 

[0024] A source-follower circuit is formed on the same 
substrate as the horizontal register 18 for effecting impedance 
conversion. The source-follower circuit includes a first 
transistor 200 and a second transistor 202. The first 
transistor 200 is connected to the FD layer and feeds its output 
to the gate of the second transistor 202 in accordance with 
the signal charge input to its gate. The driver 22 applies 
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a voltage VDD to the source of each of the two transistors 200 
and 202. The source-follower circuit produces a pixel signal 
whose voltage corresponds to the potential of the FD layer on 
its output OUTPUT. 

[0025] As stated above, in the illustrative embodiment, the 
driver 22 applies the drive voltage VDD to the sources of the 
two transistors 200 and 202, which constitute the 
source-follower circuit. When the actual exposure time is 
longer than a preselected period of time, the voltage switching 
circuit 40 switches the drive voltage VDD to lower one under 
the control of the controller 42. As a result, the 
source-follower circuit is driven by a low voltage and reduces 
heat that the transistors 200 and 202 generate during long 
exposure. The output OUTPUT of the source-follower circuit 
is the output 106 of the image sensor 12 and connected to the 
signal processor 50. 

[0026] More specifically, the driver 22 selectively generates 
a first voltage VDD of about 16 V or a second voltage VDD of 
around 3 V, e.g., 3.3 V. The first voltage VDD causes the 
source-follower circuit to deliver to the signal processor 50 
electric signals whose pixel levels correspond to the signal 
charges generated over a desired exposure time. The second 
voltage VDD sweeps needless charges sequentially transferred 
along the horizontal register 18, while maintaining the output 
amplifier 20 operative. 

[0027] As stated above, the voltage switching circuit 40 
applies the voltage VDD of about 16 V to the output amplifier 
20 so long as the desired exposure time lies in an ordinary 
range . However , when the controller 42 feeds the control signal 
44 representative of an exposure time exceeding the above range , 
the circuit 40 applies the voltage of about 3 V to the output 
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amplifier 20. 



[0028] If desired, the voltage switching circuit 40 may be 
included in the power supply circuit 46 and apply either one 
of the first and second voltages VDD to the output amplifier 
20 under the control of the controller 42. Also, the circuit 
4 0 may selectively output three or more drive voltages that 
are either stepwise or stepless. Such drive voltages should 
preferably be sequentially lowered with an increase in exposure 
time . 

[0029] The power supply circuit 46 has a terminal 48 to which 
a battery or a DC adapter may be connected, as desired. The 
circuit 46 produces the first and second voltages VDD from a 
DC voltage input via the terminal 48. In addition, the circuit 
46 generates DC voltages for driving the various sections of 
the camera 10. 

[0030] The controller 42 controls the operation of the entire 
camera 10 in accordance with the manipulation of an operation 
panel 54 , while controlling the driver 22 with the control signal 
44. The controller 42 will be described more specifically 
later . 

[0031] The signal processor 50, connected to the output 106 
of the image sensor 12, executes various kinds of analog and 
digital signal processing with the pixel signals 106, which 
are input point-sequentially . The signal processor 50 includes 
a correlated double sampling (CDS) circuit, a clamping circuit , 
an analog-to-digital converter (ADC) , a color separating 
circuit, a correcting circuit, and YC (luminance and 
chrominance) converting circuit, although not shown 
specifically. 
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[0032] The CDS circuit executes correlated double sampling 
with the input pixel signals 106 in accordance with the timing 
signal fed from the driver 22 . The clamping circuit clamps 
the preselected level of the pixel signals output from the CDS 
circuit. The ADC converts the analog pixel signals to digital 
image data at the consecutive pixel timing. The color 
separating circuit separates the color components of the image 
data on the basis of the pattern of the color filter segments 
arranged in the image sensor 12 . The correcting circuit 
corrects the color balance, tonality and so forth of the 
individual color component . The YC converting circuit converts 
the pixel values of the color components to YC data represented 
by luminance and chrominance. 

[0033] The signal processor 50 writes the image data being 
processed and processed in a memory 58 connected to the circuit 
50 by a connection line 56. The memory 58 has a capacity great 
enough to store at least one frame of image data. Also, the 
signal processor 50 selectively uses the memory 58 as a work 
area in the event of signal processing. For example, by using 
the memory 58, the signal processor 50 may change the image 
size of the image data or correct the image data. The image 
data stored in the memory 5 8 are read out under the control 
of the controller 42 and input to an output circuit 62. 

[0034] The output circuit 62 includes a compressing circuit 
and a record/reproduction control circuit although not shown 
specifically. The compressing circuit compresses, or codes, 
the YC data read out of the memory 58. The 
recording/reproduction control circuit writes the coded data 
in a memory card or similar data recording medium 64 removably 
mounted to the camera 10. Further, the output circuit 62 
generates image data matching with a monitor , printer or similar 
image output terminal or a communication control unit, which 
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may be connected to an output 66. 

[0035] The controller 42 is implemented as a microcomputer 
system responsive to the manipulation of the operation panel 
54. Specifically, the controller 42 sets up, e.g., a camera 
mode for shooting a desired scene or a reproduction mode for 
reproducing stored image data . The controller 42 then controls 
the various circuits in accordance with a program assigned to 
the mode set up. 

[0036] A shutter release button, not shown, has a first stroke 
or half-stroke position and a second stroke or full-stroke 
position. The operation panel 54 includes a shutter switch, 
not shown, for selecting either one of two different connection 
states each corresponding to one of the first and second strokes 
of the shutter release button. The shutter switch feeds a 
release signal representative of the first stroke or the second 
stroke to the controller 42. The operation panel 42 
additionally includes a mode dial on which the camera mode or 
the reproduction mode may be input. The operation panel 42 
feeds information representative of the position of the mode 
dial to the controller 42. 

[0037] When the shutter release is pressed by the first stroke , 
the controller 42 executes photometry and range finding on the 
basis of image data being output. The controller 42 then 
controls the exposure value and the focus of the lens in 
accordance with the results of photometry and range finding. 
More specifically, the camera 10 is operated in a movie mode, 
as distinguished from the cameramode, for continuously shooting 
a desired scene to thereby generate a plurality of consecutive 
frames of image data. The controller 42 calculates, based on 
the luminance level of the above image data, an exposure value 
to be used in the camera mode to follow. In the illustrative 
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embodiment, the controller 42 sets up the movie mode when the 
shutter release is pressed by the first stroke, and then sets 
up the camera mode when it is pressed by the second stroke. 

[0038] By referencing a table listing lens openings and shutter 
speeds in one-to-one correspondence, the controller 42 
determines an exposure time, or shutter opening time, matching 
with the calculated exposure value. When the operator of the 
camera 10 selects a manual exposure mode on the operation panel 
54, the controller 42 identifies a shutter speed, or exposure 
time, selected on the operation panel 54 by hand. 

[0039] On detecting the second stroke of the shutter release, 
the controller 42 generates a pickup control signal that causes 
the mechanical shutter to open over the determined exposure 
time and then close. The pickup control signal is input to 
the driver 22 . The illustrative embodiment uses the mechanical 
shutter for controlling the exposure time, as stated above. 
Alternatively, the controller 42 and driver 22 may have an 
electronic shutter function for controlling the generation of 
signal charges by the image sensor 12 and reading out the signal 
charges at a timing that corresponds to the exposure time. 

[0040] In the illustrative embodiment, when the exposure time 
or shutter speed exceeds a reference period of time, e.g., 1 
second, the controller 42 feeds the control signal 44 to the 
driver 22. The control signal 44 causes the driver 22 to drive 
the output amplifier 20 with the low voltage. So long as the 
shutter speed is 1 second or less, the controller 42 does not 
output the control signal 44, so that the driver 22 drives the 
output amplifier 20 with the usual or high voltage. The 
reference period of time is a threshold up to which the adverse 
influence of long exposure as to image guality is negligible. 
In the illustrative embodiment, up to the threshold, thermal 
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noise ascribable to those photodiodes 14 subjected to heat, 
which is generated by the output amplifier 20, more than the 
others remains below a preselected level. 

[0041] If an exposure time is known before the pickup of a 
still picture, then the controller 42 determines whether or 
not the exposure time exceeds 1 second, and then executes 
exposure control . In the event of long exposure , the controller 
42 feeds the control signal 44 to the driver 22 , as stated above . 
If an exposure time is not knownbef ore a shot, then the controller 
42 feeds the control signal 44 to the driver 22 on the elapse 
of 1 second. In response, the driver 22 automatically drives 
the output amplifier 20 with the low voltage. This is effective 
when the driver 22 automatically controls the exposure time 
independently of the control of the controller 42 . For example , 
such control should preferably be executed when the brightness 
of the scene varies during long exposure and requires the 
exposure value to be corrected accordingly. This is also true 
with a bulb shot. 

[0042] A specific operation of the illustrative embodiment 
will be described with reference to FIGS. 3 and 4. Assume that 
the operator of the camera 10 selects the camera mode on the 
mode dial and then presses the shutter release by the first 
stroke, i.e., to the half-stroke position. Then, a release 
signal representative of the first connection state of the 
shutter switch is input to the controller 42. In response, 
the controller 42 measures the brightness level of the scene 
on the basis of image data output from the image sensor 12 and 
then processed by the signal processor 50. The controller 42 
determines an exposure value for an actual shot in accordance 
with the measure luminance level. The controller 42 then 
determines, based on the exposure value, a set exposure time 
TS and an exposure value with which the image sensor 12 is expected 
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"to shoot the scene in response to the second stroke of the shutter 
release. In addition, when the operator selects a manual 
exposure mode, the controller 42 determines the set exposure 
time TS matching with an exposure time selected by hand. 

[0043] Assume that the operator presses the shutter release 
by the second stroke, i.e. , to the full-deep position at a time 
tl shown in FIG . 4 . Then , the shutter switch delivers a release 
signal representative of the second stroke to the controller 
42. In response, the controller 42 determines whether or not 
a set exposure time TS determined is longer than the reference 
period of time T {step S300) . In the illustrative embodiment, 
the reference period of time T is selected to be 1 second, as 
stated previously. If the answer of the step S300 is positive 

(Yes) , then the controller 42 feeds a shoot signal to the driver 
22 for causing it to open the shutter. 

[0044] In response to the shoot signal, the driver 22 drives 
the image sensor 12. At the same time, the driver 22 applies 
the first drive voltage of 16 V to the output amplifier 20 via 
its output 104. The image sensor 12 starts rapidly sweeping 
unnecessary charges remaining in the photodiodes 14. 
Subsequently, at a time t2 , the image sensor 12 starts idle 
transfer for transferring the unnecessary charges existing on 
the vertical resistors 18 and horizontal register 18. At a 
time t3 , at which the idle transfer ends, the driver 22 opens 
the shutter to thereby start exposure (step S302) . 

[0045] On the elapse of 1 second, the controller 42 feeds the 
control signal 44 to the driver 22, i.e. , the voltage switching 
circuit 40. In response, at a time t4 , the voltage switching 
circuit 40 selects the second voltage of 3 V in place of the 
first voltage of 16 V and drives the output amplifier 20 with 
3 V (step S304) . The first voltage is applied to the sources 
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of the source-follower circuit stated earlier. 

[0046] Subsequently, the controller 42 determines whether or 
not a preselected period of time has elapsed since the opening 
of the shutter (step S306) . In the illustrative embodiment, 
thepreselectedperiodof time is selected to be slightly shorter 
than the set exposure time TS . Therefore, if the answer of 
the step S306 is Yes, the controller 42 causes the driver 22 
to again drive the output amplifier 20 with the first voltage 
of 16 V immediately before the shutter closes, i.e. , at a time 
t5 immediately before the end of exposure (step S308) . The 
controller 42 then causes the driver 22 to close the shutter 
at a time t6 (step S312) . 

[0047] On the other hand, if the answer of the step S300 is 
negative (No) , the controller 42 immediately causes the driver 
22 to open the shutter for starting exposure (step S310) . In 
this case, the controller 42 does not output the control signal 
44, so that the driver 22 drives the output amplifier 20 with 
the first voltage of 16 V. On the elapse of the set exposure 
time TS, the controller 42 executes the step S312. 

[0048] At a time t7 , the image sensor 12 starts rapidly sweeping 
unnecessary charges remaining on the vertical registers 16 and 
horizontal register 18 (step S314) . Subsequently, at a time 
t8, signal charges generated in the photodiodes 14 start being 
shifted to the associated vertical registers 16 by field shift 
and then read out (step S316) . 

[0049] Specifically, in the step S316, the vertical registers 
16 sequentially transfer the signal charges toward the 
horizontal register 18 in accordance with the horizontal drive 
pulses 30. The horizontal register 18 sequentially transfers 
the signal charges delivered from the vertical registers 16 
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toward the output amplifier 20 in accordance with the horizontal 
drive pulses 32. The output amplifier 20 detects the 
consecutive signal charges representative of pixels. The 
signal charges sequentially detected by the output amplifier 
20 are read out via the output 106 as electric signals and input 
to the signal processor 50, as stated earlier. 

[0050] The signal processor 50 executes correlated double 
sampling with the electric signals or pixel signals, clamps 
a preselected level of the pixel signals, and then converts 
the pixel signals to digital data. Further, the signal 
processor 50 separates the color components R, G and B , corrects 
the color balance and tonality color by color , and then converts 
the corrected color components R, G and B to YC data. The YC 
data are written to the memory 58. 

[0051] The output circuit 62 compresses the YC data read out 
of the memory 58 . The compressed or coded image data are written 
to the data recordingmedium 6 4 together with data representative 
of the exposure value, i.e., lens opening and shutter speed 
and other information. At this instant, the controller 42 may 
add information , which shows that the drive voltage was switched 
due to a long exposure time, to the image data to be stored 
in the data recording medium 64. Such additional information 
successfully distinguishes the above image data from image data 
resulting from an ordinary shot. 

[0052] The embodiment described above has assumed that the 
set exposure time TS is known beforehand. It sometimes occurs 
that the controller 42 cannot determine an exposure time 
immediately before a shot or during shot, i.e. , the time when 
exposure will end. For example, the controller 42 cannot 
determine an exposure time when the operator commands the end 
of exposure on the operation panel 54 in the event of, e.g. , 
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bulb exposure. This is also true when the image pickup block 
including the image sensor 12 and drive circuitry executes image 
pickup processing alone. An alternative embodiment to be 
described hereinafter with reference to FIGS. 5 and 6 is 
desirable to cope with the above occurrence. The alternative 
embodiment is also practicable with the circuitry shown in FIG. 
1. 

[0053] Briefly, the alternative embodiment differs from the 
previous embodiment in that the controller 42 determines whether 
or not an exposure time elapsing is a long exposure time and 
controls the driver 22 in accordance with the result of decision . 
Also, the controller 42 lowers the drive voltage after the start 
of exposure and again raises the drive voltage on detecting 
the closing of the shutter, i.e., the end of exposure. 

[0054] Specifically, assume that the operator selects the 
camera mode on the mode dial, presses the shutter release by 
the first stroke, and then presses it by the second stroke. 
Then, the shutter switch delivers a release signal 
representative of the second stroke to the controller 42. In 
response , the controller 42 causes the image sensor 12 to perform 
rapid sweeping (timetl, FIG. 6) and then perform idle transfer 

(time t2) via the driver 22. The driver 22 opens the shutter 
at a time t3 to thereby start exposure (step S500) . At this 
instant, the driver 22 is applying the first voltage of 16 V 
to the output amplifier 20. 

[0055] A timer, not shown, included in the controller 42 starts 
counting time after the start of exposure. The controller 42 
determines whether or not the timer has reached a preselected 
period of time TC (stepS502). In the illustrative embodiment , 
the preselected period of time TC is selected to be about 1 
second that distinguishes ordinary exposure and long exposure. 
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[0056] If the answer of the step S502 is No, the controller 
42 determines whether or not the exposure has ended, i.e., 
whether or not the shutter has closed (stepS504) . If the answer 
of the step S504 is No, meaning that the exposure is still under 
way , then the controller 42 repeats the step S502 . If the answer 
of the step S502 is Yes {time t4) , the controller 42 feeds the 
control signal 44 to the driver 22. In response, the driver 
22 switches the drive voltage from the first voltage of 16 V 
to the second voltage of 3 V (step S506) . As a result, the 
driver 22 drives the output amplifier 20 with 3 V. 

[0057] If the answer of the step S504 is Yes, meaning that 
the exposure has ended, i.e., the shutter has closed (time t6) , 
then the controller 42 determines whether or not the drive 
voltage for the output amplifier 20 has been lowered (stepS508) . 
If the answer of the step S508 is Yes, then the controller 42 
causes the driver 22 to raise the drive voltage to the first 
voltage of 16 V (time t7 ) (step S510) . The driver 22 therefore 
again drives the output amplifier 20 with 16 V. 

[0058] Subsequently, at a time t8 , the controller 42 causes 
the image sensor 12 to start rapidly sweepingunnecessary charges 
from the vertical registers 16 and horizontal register 18 via 
the driver 22 (step S512) . At a time t9 , the controller 42 
causes signal charges generated in the photodiode 14 to start 
being shifted to the associated vertical resistors 16 by field 
shift and read out (step S514) . At this instant, the image 
sensor 12 operates in the same manner as described specifically 
in relation to the step S316 of FIG. 3. 

[0059] As stated above , in the embodiments shown and described, 
the drive voltage for driving the output amplifier 20 is lowered 
after the start of exposure. Before signal charges generated 
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in the photodiodes 14 are read out, the drive voltage is raised 
to the usual voltage. More specifically, in the event of long 
exposure, the output amplifier 20 is driven by the lower drive 
voltage . Therefore , even when the output amplifier 20 is driven 
over a long period of time, it generates a minimum of heat and 
protects the resulting image from fog. It follows that even 
when the exposure time is as long as several sends to several 
ten seconds, it is possible to reduce locally generated 
unnecessary charges , which are not derived from incident light, 
and therefore to insure an attractive image free from an 
irregular luminance distribution. 

[0060] Further, the various sections of the camera 10, 
particularly the output amplifier 20, is not fully deactivated 
during exposure, but is continuously driven by the second or 
lower drive voltage. This is successful to continuously 
discharge unnecessary charges ascribable to, e.g. , thermal 
noise via the output amplifier 20 during long exposure. The 
camera 10 therefore noticeably reduces local irregularity in 
dark current ascribable to the long drive of the output amplifier 
20 . 

[0061] Assume that the shutter is held open over a long period 
of time to continuously store signal charges, and that the 
optical path between the lens and the scene being picked up 
is repeatedly opened and closed by hand for producing a 
superposed image. Then, the camera 10 can output an image free 
from irregularity in dark current even in the above condition 
in the same manner as during bulb exposure. This is also true 
when the mechanical shutter is repeatedly opened and closed 
a plurality of times. 

[0062] Whether a voltage VRD applied to the reset drain RD 
and the source voltage VDD are the same as or different from 
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each other, the illustrative embodiments shown and described 
are practicable. For example, assume that in the image sensor 
12 shown in FIG. 2, a lead terminal 210 for applying the voltage 
VRD to a reset drain RD and a lead terminal 212 for applying 
the voltage VDD to the source-follower circuit are connected 
together by, e.g. , wire bonding. Then, while the voltage VRD 
of, e.g. , 16 V is applied to the reset drain RD, the voltage 
VDD for the source-follower circuit is lowered to 0 V. As a 
result, the FD layer is set at the reset potential VDD. By 
maintaining this condition, it is possible to prevent the output 
amplifier 2 0 from generating heat. In such a case, the voltage 
switching circuit 40 of the driver 22 will selectively apply 
the output 100 of the power source circuit 100 to the output 
amplifier 20 either directly or after reducing it to 0 V (VDD) 
in response to the control signal 44. 

[0063] Therefore, to drive the image sensor having the 
above-described specific configuration, the voltage switching 
circuit 40 should preferably be constructed to selectively shut 
off the source voltage VDD that drives the output amplifier 
20. With this capability, the circuit 40 can selectively 
control the lead connected to the output amplifier 20 for voltage 
application to 16 V or 0 V in accordance with the control signal 
44 



[0064] As for the voltage for the reset drain RD , the voltage 
VRD of about 16 V similar to the higher drive voltage may be 
applied to the image sensor 12 via an extra terminal without 
regard to the status of the control signal 44. This allows 
only the source current of the output amplifier 2 0 and therefore 
the operation of the source-follower circuit to be interrupted, 
while maintaining the photodiodes 14 and registers 16 and 18 
active. This alternative configuration also reduces heat to 
be generated by the output amplifier 20 during long exposure. 
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[0065] FIG. 7 shows another specific configuration of the 
output portion of the image sensor 12 . As shown , a lead, terminal 
214 is connected to both of the reset drain RD and source-follower 
circuit by wire bonding or similar technology. The voltages 
VRD and VDD both are applied via the lead terminal 214 to the 
reset drain RD and source- follower circuit, respectively. In 
this configuration, the voltage of about 16 V and the voltage 
of about 3 V are selectively applied to the lead terminal 214. 
Specifically, in response to the control signal 44 , the voltage 
of about 3 V is applied to the lead terminal 214 so as to drive 
the output amplifier 20 without interrupting the operation of 
the photodiodes 14 or that of the registers 16 and 18. 

[0066] As stated above, in the illustrative embodiment, the 
voltage VDD applied to the source-follower circuit for driving 
the output amplifier 20 is lowered from the usual or high .voltage 
to the low voltage , which includes 0 V , in response to the control 
signal 44. The output amplifier 20 therefore generates a 
minimum of heat or no heat when exposure continues over more 
than a preselected period of time. 

[0067] While the reference period of time for determining 
whether or not to switch the drive voltage is selected to be 
1 second in the illustrative embodiments , it is only illustrative . 
The reference period of time , of course , depends on the structure , 
size and drive frequency of the image sensor 12 and the source 
voltage for driving the image sensor 12 as well as on required 
image quality. For example, the reference period of time may 
be as short as 0 . 5 second to 1 . 0 second or as long as 1 second 
to 3 second. 

[0068] The camera 10 may additionally include a circuit for 
sensing ambient temperature around the camera 10 that effects 
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the amount of dark current, in which case the control timing 
will be varied in accordance with ambient temperature. 
Specifically, the reference period of time will be increased 
if ambient temperature is lower than a reference temperature 
or reduced if otherwise. Moreover, assume that the camera 10 
is operated in an environment whose temperature is as high as 
an upper limit assigned to the camera 10 beforehand, causing 
unnecessary charges to noticeably appear due to dark current. 
Then, the reference period of time may even be zero second in 
order to suppress or practically interrupt the drive of the 
output amplifier 20 throughout exposure. 

[0069] In summary, it will be seen that the present invention 
provides an image pickup control device and an image pickup 
control method capable of reducing , even when exposure continues 
over a reference period of time, local temperature elevation 
ascribable to the heat generation of an outputting portion, 
which detects signal charges. That is, the camera maintains 
all photosensitive devices thereof at the same temperature. 
This successfully protects an image signal from local 
irregularity in luminance, fog and other defects and thereby 
insures an attractive image even at the time of long exposure. 
For example, the camera allows its shutter to be opened over 
a longer period of time for a night shot or a shot with a small 
lens opening and insures desirable image guality even at the 
time of long bulb exposure. The camera can therefore shoot 
a desired scene over a broad range of conditions, i.e. , from 
a high shutter speed to a low shutter speed. 

[0070] The entire disclosure of Japanese patent application 
Nos. 2000-107995 and 2001-69051 respectively filed on April 
5, 2000 andMarch 12, 2001 including the specifications, claims, 
accompanying drawings and abstracts of the disclosure is 
incorporated herein by reference in its entirety. 
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10071] While the present invention has been described with 
reference to the particular illustrative embodiments, it is 
not to be restricted by the embodiments . It is to be appreciated 
that those skilled in the art can change or modify the embodiments 
without departing from the scope and spirit of the present 
invention . 
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